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SUMMARY The effect of digitalis therapy on 4-month posthospital cardiac mortality was investigated in 812 patients who survived the hospital phase of acute myocardial infraction. A stepwise multiple logistic reg.ression analysis. was used to identify variables associated with increased mortality and to adjust for differences in. confounding variables between digitalis and nondigitalis patients. The major 4-month mortality (10 of 26 patients [38.5%]) occurred in digitalis-treated patients with congestive heart failure in the coronary care unit and complex ventricular. premature. depolarizations (VPDs) on a predischarge Holter recording. Logistic analyses that controlled for confounding variables indicated that digitalis use contributed to the increased mortality rate in this high-risk subset. The predicted mortality difference due to digitalis in patients with congestive heart failure and.complex VPDs, adjusted for relevant nondigitalis risk factor variables, was 30% (90% confidence interval 18-42%). This retrospective study suggests that digitalis use inc'reases the early posthospital mortality of myocardial infarction patients with combined electrical and mechanical dysfunction. DIGITALIS THERAPY has been a mainsta-y in the treatment of left ventricular failure in patients with and without coronary heart disease. Some caution has developed regarding the use of cardiac glycosides in patients with acute myocardial infarction because of the hazards of arrhythmic toxicity and the potentially harmful effect of enhanced myocardial oxygen consumption. 1 2 Katz3 suggested that the diseased heart operates under optimal conditions, and further inotropic stimulation (as with digitalis) could have adverse effects. Katz warned that drugs that increase contractility in the diseased heart may produce a benefit at the expense of life-shortening myocardial damage.
Digitalis is most useful in controlling the ventricular response rate to atrial fibrillation. The clinical efficacy of long-term digitalis therapy in patients with chronic left ventricular dysfunction and sinus rhythm has been questioned.4'-Some physicians believe from their own clinical experience that digitalis therapy may increase the short-term mortality of convalescent myocardial infarction patients beyond that expected on the basis of the patients' anticipated clinical course. We analyzed the data base of the Rochester Heart Research Follow-Up Program7' 8 to determine whether postinfarction patients treated with cardiac glycosides have a higher mortality than comparable patients'not given digitalis.
Methods

Population
The study population consisted of 978 residents of Monroe County, 798 men and 180 women who were younger than 66 years of age, who entered coronary care units (CCU) in two Rochester community hospitals between January 1, 1973 and December 31, 1976 with a definite or probable acute myocardial infarction and survived hospitalization. Definite myocardial infarction was-substantiated by the presence of any two of the following: typical coronary-type chest pain, serial acute myocardial enzyme changes or ECG documentation (an' evolving Q-wave abnormrality with acute ST-and T-wave changes). Patients with probable myocardial infarction had typical coronarytype chest pain with minor enzyme changes and/or ECG-documented acute' ST-and T-wave changes.
Both the patient and the private physician gave informed consent before the study.
Data Acquisition
Nurse investigators interviewed the patients and reviewed their hospital charts during the last week of hospitalization. The patients' medical history before entry and their clinical course in the CCU and during hospitalization were recorded on prospectively designed forms as previously described.7 Clinical variables used in this study included demographic data; historical comorbidity, such as prior myocardial infarction, hypertension, angina pectoris and diabetes mellitus; the severity of the acute coronary event in terms of left ventricular dysfunction as manifest by pulmonary congestion or congestive failure* in the CCU; and myocardial infarct location as determined by Minnesota classificationg of a 12-lead ECG categorized into anterior (Q/QS = 1.11-1.12), posterior (Q/QS = 1.14) and other (non-Q/QS abnormality) locations. Six-hour Holter ECG tape recordings were obtained during the last 3 days of hospitalization before discharge. These recordings were analyzed using a rapid 60: 1 scan technique to identify ventricular premature depolarizations (VPDs). VPDs were categorized in terms of bigeminal, multiform, repetitive (two or more consecutive VPDs), or earlycycle (RR'/QT < 1.00) beats. Complex VPDs were defined by the presence of one or more of the following patterns: bigeminal, multiform, repetitive or earlycycle VPDs. A medication history obtained at discharge ascertained whether the patient was or was not taking each of the 'following category of drugs: digitalis (digoxin or digitoxin), antiarrhythmic agents (procainamide or quinidine)', diuretic agents and,/ blockers (propranolol).
Patients were scheduled for clinical follow-up evaluation every 4 months during the first 2 years after hospital discharge. A detailed 'Medication history was obtained at each follow-up visit. At the first 4-month follow-up visit, 21% (29 of 137) of the patients discharged on digitalis had discontinued this medication and 7% (46 of 648) of the nondigitalized patients had begun taking digitalis. An increasing crossover in digitalis use and discontinuance occurred after the first 4-month posthospital' interval. For this reason the analysis of the effect of digitalis use on cardiac mortality was ascertained only for the first 4-month period.
Six of the 978 patients in the study population had missing values regarding the use of digitalis at discharge. These patients were excluded from analysis, and the net study population was 972 patients.
Mortality
All patients who died during the first 4-month posthospital interval were identified. Information about the terminal 'event was obtained from' immediate family members, the personal physician, witnesses, and the hospital chart in patients who died in-hospital. Medication usage in the week before death was ascertained from these sources. This terminal event information was evaluated by a mortality review committee and a cause of death was assigned to each nonsurvivor, as previously described.10 During the 4-month posthospital interval, 42 patients died, 41 from cardiovascular causes. Among the patients who received digitalis at hospital discharge, 21 died, all from cardiovascular causes.'
Statistical Analysis
The principal point of interest in this study is the rate of survival for patients treated with digitalis compared with those not treated with digitalis. Digitalistreated patients' can be expected to have more serious heart disease, and such was the finding in the present study. The digitalis patients had more severe cardiovascular comorbidity than the remainder of the population (table 1). Statistical techniques were used to adjust for di'fferences between the digitalis and nondigitalis groups so that the effect of digitalis on mortality could be evaluated.
A stepwise modification of the multiple logistic regression technique was used to choose an appropriate model for mortality prediction. A discussion of this method including the situations in which it is applicable is provided by Cox,"2 and a brief summary is presented in the Appendix. The parameters of the logistic model were fitted using GLIM.is Two optimal logistic models were cho-sen from selected clinical variables. Digitalis, 16 clinically meaningful covariates from table 1, all two-factor interactions, and selected three-factor interactions were considered for inclusion in logistic model I. The model that best described the observed data permitted evaluation of the strength of the association between digitalis usage at discharge (as well as other clinical variables) and 4-*Pulmonary congestion was defined as roentgenographic evidence of interstitial or alveolar edema; congestive heart failure was defined as significant pulmonary rales and/or pitting edema. *Value is t score for the continuous variable age. tSocial class IV and V were derived from the Hollingshead" five-level occupational and educational class rank, where levels IV and V are the lowest two levels of social class.
Abbreviations: VPD = ventricular premature depolarization; NYHA = New York Heart Association. month mortality. A second logistic model (model II) was fitted with the aforementioned variables except that digitalis was excluded from consideration. Logistic model II permitted the prediction of 4-month mortality in the digitalis and non-digitalis patients on the basis of non-digitalis variables. (This approach to fit model II is similar to age adjustment by the indirect method.) A comparison of the mortality rates predicted in various subgroups by models I and II provides an estimate of the effect of digitalis on mortality while simultaneously adjusting for the confounding effects of nondigitalis variables. Patients with missing values for any of the 17 variables were excluded from the analyses. The logistic analysis sample consisted of 812 patients; 134 patients were receiving digitalis. This sample contained 39 of 41 patients who died of cardiovascular causes in the first 4 months after hospital discharge.
Confidence limits for the differences in mortality between patients receiving digitalis and those not taking digitalis, adjusted for the concomitant variables, were determined by the "bootstrap"s technique described by Efron' (see Appendix). 4 . This comparison indicates that digitalis use in these high-risk patients is associated with a fivefold increased mortality. The difference in the mortality rates between models I and II in this subset is 30.8% (90% confidence interval 18.2-42.3%) (table 4). This mortality difference represents our best estimate of the digitalis contribution to early posthospital mortality in this high-risk subset when adjusting for the relevant non-digitalis risk factor variables.
Results
Multiple Logistic
Characteristics of the Mortality Events
The characteristics of the terminal event in the digitalis and nondigitalis patients who died were scrutinized (table 5). All the digitalis-associated deaths were of cardiovascular cause. A majority of the digitalis deaths were in-hospital and were not sudden (> 24 hours), and the reverse was true for non-digitalis patients. In both groups of patients the predominant cause of death was acute myocardial infarction, as previously defined.10 Twenty of the 21 patients discharged from the hospital on digitalis were still taking digitalis in the week before death, but only five of 20 non-digitalis patients were receiving digitalis at the time of death. Discussion Our analysis suggests that digitalis therapy increased the mortality of some coronary patients in the early posthospital phase of myocardial infraction, i.e., those with congestive heart failure and complex VPDs. These results are particularly disconcerting because patients with cardiac mechanical dysfunction are the ones most likely to be treated with digitalis.
We are concerned about sources of systematic error that may have contributed to the findings. Because the digitalis effect on mortality was observed primarily in patients with congestive heart failure and complex VPDs, the categorization of this subgroup warrants comment. We used a standard clinical definition of congestive heart failuresignificant auscultatory pulmonary rales and/or pitting leg edema recorded by Abbreviations: NYHA = New York Heart Association; VPD = ventricular premature depolarization; CHFcongestive heart failure. the CCU physician in the medical chart. Although this definition lacks quantitative precision, it reflects qualitative impairment of left ventricular function. However, because congestive heart failure was diag- TModel II: Alternate model using the seven non-digitalis variables listed in table 2 plus congestive heart failure and complex VPD.
Abbreviation: VPD = ventricular premature depolarization. nosed clinically, considerable variability may exist in the degree of left ventricular dysfunction and the severity of coronary artery disease in this high-risk subgroup. Such variability may influence the results, especially if the digitalis-treated patients had more severe myocardial and coronary disease. Complex VPDs were identified on the predischarge Holter recording according to predetermined criteria. At the time of data collection, the digitalis hypothesis had not been considered. Digitalis therapy at discharge was ascertained from the discharge prescriptions given to the patient, and a meaningful error seems unlikely. Patient compliance is difficult to evaluate from the collected data, but some information is available from the terminal event record regarding use of digitalis in those who died. Twenty of 21 digitalis patients were taking digitalis within the week before death. In contrast, among 20 nondigitalis patients who died of cardiovascular cause within 4 months after discharge, only five patients were taking digitalis at the time of death. This crossover would dilute the magnitude of the digitalis effect on mortality. The digitalis-treated patients had more severe underlying heart disease than those who did not receive digitalis (table 1) . We attempted to evaluate the relative severity of the underlying heart disease in the digitalis and nondigitalis patients in model II of the logistic analysis. Within model II, the high-risk (congestive heart failure and complex VPDs) digitalis patients had twice the mortality of nondigitalis patients. Nevertheless, the predicted mortality rate in model II in the highest risk digitalis-treated patients (7.7%) is far below the observed mortality rate (38.5%). This finding suggests a mortality difference due to digitalis even when adjusting for the severity of the underlying cardiac disease.
The patient's physician was solely responsible for the decision to initiate digitalis therapy. We are concerned that the physicians selected patients with more severe cardiac disease for digitalis therapy, and this increased severity was not identified by the clinical variables such as congestive heart failure, pulmonary congestion, hypotension and shock. An underestimation of the true severity of the cardiac disease in the digitalis patients would contribute to an erroneously increased mortality in this group compared with the nondigitalis patients. Although an error of this type is possible, its magnitude is probably small, as judged by the prognostic value of these variables in other studies.8' 1'
We selected the posthospital interval of 4 months in which to evaluate the effects of digitalis therapy on mortality for a variety of reasons. Davis et al.'5 showed that the early posthospital period was when the majority of deaths occurred in the first 2 years after discharge. If digitalis contributes to increased posthospital mortality, it should be evident within the first 4 months after discharge. Also, patient compliance is likely to be maximal and crossover and discontinuance of prescribed therapy are likely to be minimal in the early posthospital interval. Thus, by choosing this time period, the "contamination" effect of digitalis drop in and drop out would be reduced. Further, the prospective study design used 4-month follow-up intervals, and during this period 100% follow-up of the study population was achieved.
How can the findings of this study be reconciled with the known physiologic effects of digitalis and existing clinical studies? The cost of the positive inotropic effect of digitalis therapy is increased myocardial oxygen consumption." 2 Stimulation of the diseased heart by digitalis has questionable long-term hemodynamic benefit,'-' and the stimulation may enhance myocardial damage.3 Also, in the presence of acute and subacute coronary heart disease, the potential for digitalis-induced ventricular arrhythmias may be increased as a result of myocardial ischemia, reduced cardiac output and diminished renal function. '6' 17 The evidence suggests the therapeutic-toxic margin for digitalis is relatively narrow, especially in patients with compromised left ventricular function. In this regard, logistic model I indicated that the increased mortality associated with digitalis therapy occurred primarily in patients with congestive heart failure and coexisting complex VPDs. The role of complex VPDs in this interaction is speculative. In the patients with congestive heart failure, complex VPDs may have been enhanced by digitalis. Alternatively, complex VPDs may be a marker of more severe myocardial disease, thereby selecting out the patients at an increased mortality risk from digitalis.
Digoxin was the predominant cardiac glycoside prescribed in this population. Drug dosage and blood levels were not part of the data base, and the prevalence of digitalis toxicity cannot be determined. Recent studies suggest that the concomitant administration of quinidine increases the blood level of digoxin."8' 19 Thirty-four percent of the digitalis-treated patients were receiving antiarrhythmic agents (procainamide or quinidine) at discharge, but information is not available about the use of individual antiarrhythmic drugs. Although the digitalis-quinidine interaction may have been involved in the increased digitalis-associated mortality, we cannot isolate the importance of this drug combination in the observed results. Similarly, serum potassium levels were not part of the original study protocol, and the confounding effect of hypokalemia cannot be ascertained. A favorable digitalis-diuretic interaction was observed (table 2), and it is unlikely that diuretic-induced hypokalemia contributed to the increased mortality among the high-risk digitalis-treated patients.
The magnitude of the risk posed by digitalis in the subset of patients with congestive heart failure and complex VPDs is marked (mortality difference estimated at 30%), and one might ask why such a large effect had not been recognized previously. The increased digitalis risk is concentrated in 3% of the postcoronary population (digitalis and congestive heart failure and complex VPDs, 26/812), and the high 4month mortality of 38.5% (10 of 26) in this subgroup could be overlooked as a result of the dilution effect from the relatively low mortality of 8.7% (nine of 108) in the remaining digitalis-treated patients. Further, because it is anticipated that patients with left ventricular dysfunction will have an increased mortality, the augmented lethality with digitalis might not be appreciated except when specific analyses are carried out, i.e., looking at the variables jointly, as in table 3.
To our knowledge, this is the first large-scale study in which retrospective analysis of prospectively accumulated data has identified digitalis therapy as a factor contributing to increased mortality. The observed effect was limited to a subset of the postcoronary patients who had clinical evidence of congestive heart failure in the CCU and complex VPDs on a predischarge Holter recording. The implications of these findings are quite profound, for postinfarction survival may be increased by not prescribing or by discontinuing the use of digitalis in these patients. A prospective digitalis withdrawal trial is needed to answer this question. log-likelihood is less than 1.0 are removed from the model. The bootstrap technique is similar to the jackknife technique."4 The basic concept of the technique as applied to the multiple logistic model is as follows. First, the parameters a and A are estimated by maximal likelihood. If the vectors of prognostic variables for the M individuals in the sample used to estimate a and a are respectively x, ..., XM, then a series of random samples of Bennoulli random variables are generated such that Y,j is the ilh random variable in the jth sample Pr[Y1j = 1 ] = F(x,). For each random sample pseudo-maximal likelihood estimates of the parameters are obtained. The joint distribution of these pseudomaximal likelihood estimates across the samples can then be used to form confidence limits for a test hypothesis about the parameters. The advantage of this technique over the usual maximal likelihood confidence intervals or the likelihood ratio test is that it does not rely on asymptomatic distribution theory to determine confidence coefficients or significance levels. Asymptotic distribution theory may not be appropriate for small or moderate-sized samples. SUMMARY Thirty-five patients who presented with chest pain underwent mapping of the ECG with exercise and angiocardiography. Krypton-81m was used to assess regional myocardial perfusion before, during and after atrial pacing. Twelve of the 35 patients had negative exercise tests. Eight of these 12 had normal coronary arteries and four had < 50% stenosis of at least one major coronary artery. All 12 patients had uniform increases in regional myocardial perfusion (98 ± 14.0%) during atrial pacing. Thirteen of the 35 patients had a history of myocardial infarction and precordial areas of Q waves. During exercise, all 13 patients complained of chest pain and showed precordial areas of both ST-segment elevation and depression. These 13 patients had 2 70% stenosis of at least one major coronary artery. Myocardial blood flow studies showed fixed defects of perfusion corresponding to the Q waves and ST-segment elevation. In addition, there were separate transient decreases of regional myocardial perfusion (70 ± 9.0%) during atrial pacing corresponding to ST-segment depression and chest pain. Ten of the 35 patients had a history of myocardial infarction and precordial areas of Q waves. During exercise, only two of these 10 complained of chest discomfort and all showed precordial areas of significant ST-segment elevation alone. All these patients had > 70% stenosis of one or more major coronary arteries. Myocardial blood flow studies showed fixed defects of perfusion that corresponded to Q waves. These areas showed no changes during atrial pacing. All the patients showed at least one remote region of myocardium that increased perfusion (74 ± 170%) throughout pacing.
An Investigation in Patients with
Patients with a history of myocardial infarction may present with chest pain. In this study, ST-segment elevation during an exercise ECG was not associated with chest pain or detectable myocardial ischemia. Regional perfusion in infarcted segments of myocardium did not change with atrial pacing. However, separate precordial areas of ST-segment depression during exercise were associated with angina during exercise and pacing. ST-segment depression was also associated with the presence of a separate region of myocardium showing reversible disturbances of perfusion during pacing.
PATIENTS with a history of myocardial infarction may present with chest pain and the clinician needs objective evidence as to whether there is new myocardial ischemia.'-' The complaint of chest pain may not be specific, and the ECG at rest may show only pathologic Q waves. The ECG during exercise may show ST-segment elevation or depression. The clinician must know what disturbances of regional myocardial perfusion occur in patients who have a history of myocardial infarction and who present with chest pain. In addition, diagnosis and management may be aided if the clinician knows what the ST-segment changes mean during stress in this situation.
We describe the exercise ECG and disturbances of regional myocardial perfusion during stress in a group of patients with a history of myocardial infarction who present with chest pain. Permanent and reversible disturbances of regional myocardial perfusion have been recorded in these patients and have been related to abnormal electrocardiographic signs. We examine the disturbances of myocardial perfusion in coronary artery disease (CAD) and its relation to the widely available and noninvasive use of the ECG.
Methods
Between January 1978 and December 1979, 23 patients (22 male and one female, ages 31-68 years,
